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Introduction
• There is an overall concussion rate of 4.17 per 10,000
athletic exposures in high school athletics.1
• Collegiate athletes possess a higher rate of
concussion than high school athletes.2
• Often athletes are cleared to return to play (RTP) but
still have decreased sensory control.3
• Athletes who are still experiencing deficits and
impairments after being cleared to return to play may
be at increased risk of lower extremity injury.

Purpose
To conduct a systematic review and meta-analysis
of studies examining risk of lower extremity
musculoskeletal injury following a concussion in
high school and collegiate athletes.

Methods
• A literature search was performed with the following
databases: PubMed, CINAHL, MEDLINE, SPORTDiscus

Discussion

Results
Search and Quality Results:
Authors

Participant
Results
Characteristics
Brooks et al.,5 2016 75 CONC, 182 CON Athletes with a history of a concussion were 2.48
times more likely to sustain a LE MSK injury.
Fino et al.,6 2019
110 CONC, 110 CON Athletes with a history of a concussion had a 67%
greater relative risk of LE injury.
Gilbert et al.,7 2016 335 CONC
There was a positive association between concussion
history and LE injury.
Harada et al.,8 2019 96 CONC, 48 CON Athletes with a history of multiple concussions
possessed significantly greater odds of suffering a LE
injury than single concussions and matched controls.
Herman et al.,9 2017 73 CONC, 148 CON Athletes with a history of a concussion had a 3.39
times greater risk of LE injury.
Houston et al.,10
468 CONC
Athletes with a history of concussion were more likely
2018
to report a history of a LE injury.
Lynall et al.,11 2017 18,216 CONC
The odds of suffering a LE injury increased by 34%
with a history of concussion.
Lynall et al.,12 2015 44 CONC, 58 CON College athletes are almost two times more likely to
suffer a LE MSK injury following a concussion.
12 CONC, 25 CON

There was
an overall increase in LE injury rate in
Results
those with a history of a concussion compared to
those without.
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• High school and college athletes who suffered a
concussion possessed a 49% greater risk of sustaining
Modified Downs
a lower extremity Discussio
musculoskeletal injury than those
and Black Score
who did not have anhistory of a concussion.
17/19
18/19
11/19

• Even after concussion symptoms resolve, there is a
possibility that neuromuscular impairments are still
present that may lead to increased injury risk.

16/19

• These impairments may be a cause for this increased
injury risk and further research is needed to confirm
this assertion.

15/19

• Current RTP assessments may not be sensitive enough
to detect lingering impairments in concussed athletes.

16/19
14/19
17/19

• The following search terms were used: “concussion,”
“brain injury,” AND “lower extremity.”

Krill et al.,13 2018

15/19

• Studies were included if they:
-Possessed a study population consisting of high
school or college athletes that experienced a
Purpose
concussion and subsequent
lower extremity injury
-Were published between January 2000 and
November 2019
-Calculated an odds ratio or other form of a
probability or risk calculation.

CONC = individuals with a history of a concussion; CON = controls; LE = lower extremity; MSK = musculoskeletal
Meta-Analysis Results: Athletes who sustained a concussion had greater risk of lower extremity musculoskeletal
injury compared to athletes without a history of a concussion (RR = 1.49[1.04, 2.14]).

• Methodological quality of included studies was
performed with a modified Downs and Black Checklist.4
• A random-effects meta-analysis produced a pooled
relative risk calculation and 95% confidence interval (CI)
that represented the overall results.
• Relative risk was calculated with the following formula:
[(number of individuals with a history of concussion who
suffered a lower extremity injury/total number of
individuals with a history of concussion)/(number of
individuals who suffered a lower extremity injury without a
history of a concussion/total number of individuals without High heterogeneity was detected with an I2 value of 66.8%. Egger’s test (bias = 0.72[ -8.31, 9.76]; P = 0.82)
a history of concussion)].
indicated that publication bias did not influence the results of this analysis.

Future Directions: Research should look for new ways to
evaluate athletes during the RTP concussion protocol to
ensure that they are fully prepared to return to their
sport and are not experiencing subtle or lingering deficits
when returning to participation.

Conclusions
Lower extremity injury risk is potentially increased in
high school and college athletes following a
concussion compared to those without a history of a
concussion. Further research is needed to investigate
the mechanism behind this increased risk. Research
can look to investigate how long these deficits last and
if there is any treatment that could help reduce them.

References
1. Kerr ZY Chandran A, Nedimeyer AK, et al. Concussion incidence and trends in 20 high school sports.
Pediatrics. 2019;144(5): e20192180
2. Gessel LM, Fields SK, Collins CL, et al. Concussions among united states high school and collegiate athletes. J
Athl Train. 2007;42(2):495-503.
3. Kamins J, Bigler E, Covassin T, et al. What is the physiological time to recovery after concussion? A systematic
review. Br J Sports Med. 2017;51(12):935-940.
4. Downs SH, Black, N. The feasibility of creating a checklist for the assessment of the methodological quality
both of randomised and non-randomised studies of health care interventions. JECH. 1998;52(6):377–384.
5. Brooks MA, Peterson K, Biese K, et al. Concussion increases odds of sustaining a lower extremity
musculoskeletal injury after return to play among collegiate athletes. Am J Sports Med. 2016;44(3):742–747.
6. Fino PC, Becker LN, Fino, NF, et al. Effects of recent concussion and injury history on instantaneous relative
risk of lower extremity injury in division I collegiate athletes. Clin J Sports Med. 2019;29(3):218–223.
7 Gilbert FC, Burdette GT, Joyner AB, et al. Association between concussion and lower extremity injuries in
collegiate athletes. Sports Health. 2016; 8(6):561–567.
8. Harada GK, Rugg CM, Arshi A, et al. Multiple concussions increase odds and rate of lower extremity injury in
national collegiate Athletic association athletes after return to play. Am J Sports Med. 2019;47(13):3256–3262.
9. Herman DC, Jones D, Harrison A, et al. Concussion may increase the risk of subsequent lower extremity
musculoskeletal injury in collegiate athletes. Am J Sports Med. 2016;47(5):1003–1010.
10. Houston MN, Hoch JM, Cameron KL, et al. Sex and number of concussions influence the association
between concussion and musculoskeletal injury history in collegiate athletes. Brain Inj. 2018;32(11):1353-1358.
11. Lynall RC, Mauntel TC, Padua DA, et al. Acute lower extremity injury rates increase after concussion in
college athletes. Med Sci Sports Exerc. 2015;47(12):2487–2492.
12. Lynall RC, Mauntel TC, Pohlig RT, et al. Lower extremity musculoskeletal injury risk after concussion recovery
in high school athletes. J Athl Train. 2017;52(11):1028–1034.
13. Krill ML, Nagelli C, Borchers J, et al. Effect of concussions on lower extremity injury rates at a division I
collegiate football program. Orthop J Sports Med. 2018;6(8):232596711870552.

